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Introduction

Enhancing landscape resilience is gaining traction as a way to address a ‘triple challenge’: ensuring
the well-being of a growing global human population, while mitigating and adapting to climate
change, and reversing biodiversity loss and ecosystem degradation. Landscape resilience can be
broadly understood as the capacity of a landscape to persist under changing conditions, adapting
and transforming when necessary, in order to maintain its essential structure, functions and identity
(IPCC 2022). Landscapes can be seen as spatially-bound, complex adaptive social-ecological
systems (SES), where humans and nature interact (CE 2000; Walker and Salt 2006; Cumming et
al. 2013). The term ‘social-ecological system’ emphasizes the integrated concept of “humans-in-
nature” (Berkes and Folke 1998). It recalls that the social and ecological dimensions cannot be easily
disentangled and that any distinction between them is somewhat artificial and arbitrary. Building
on these definitions, this infobrief provides a short overview of the main concepts used in resilience
theory.

1.Resilience: a multifaceted concept

The word ‘resilience’ (from the Latin verb resilire) means the capacity to bounce back, recover or
spring forward in the face of adversity (Davoudi 2012). This concept has infused many disciplines
over the last century, including psychology, mechanics and material science (Béné and Doyen
2018). Holling (1973) introduced the concept in ecology science and defined it as “the persistence
of relationships within a system”, i.e., “a measure of the ability of these systems to absorb changes
of state variables, driving variables, and parameters, and still persist”. Three main definitions of

resilience - presented below - have progressively emerged and currently coexist in the literature.

Key messages

Resilience theory provides a framework for understanding how social-ecological systems
persist, adapt and transform in response to disturbances and changes.

Resilience responses include persistence, recovery, adaptation and transformation. These
responses operate at different scales within a system, balancing stability with the capacity
for change.

The elusive nature of resilience can be understood through various lenses, each emphasizing
a different aspect of system dynamics. These lenses include engineering resilience (which
assumes one stable state), ecological resilience (multiple stable states) and evolutionary
resilience (transient dynamics far from equilibrium).

Diversity, redundancy, connectivity, integrity, flexibility, participation, effective governance
and accountability are critical attributes that strengthen the resilience of social-ecological
systems.

Embracing these attributes helps to maintain or build systems capable of navigating
uncertainty, promoting diversity, fostering inclusive collaboration, implementing flexible
governance structures, and ensuring transparent, accountable decision-making processes.



1.1 Engineering resilience

The first school of thought assumes that one single stable equilibrium exists for the system under
study. Resilience, therefore, describes “"how fast a variable that has been displaced from equilibrium
returns to it.” (Pimm 1991). In a seminal article, Holling (1973) called this kind of resilience “stability”
and defined it as “the ability of a system to return to an equilibrium state after a temporary
disturbance; the more rapidly it returns and the less it fluctuates, the more stable it would be”. In
this definition, resistance to disturbance, the amplitude and frequency of oscillations of the system
around the equilibrium (i.e. How close to equilibrium a system stays and how often it changes), time
of recovery and speed of return to the equilibrium are the main characteristics of resilience (Holling
1973). This deterministic view of resilience focuses on efficiency, constancy and predictability, and
uses command-and-control management systems. For this reason, it is usually called engineering
resilience (Holling 1996; Davoudi 2012). This definition can describe a non-linear system only very
close to the equilibrium where a linear response is a valid approximation (Folke 2006).

1.2 Ecological resilience

However, scientists have demonstrated that multiple stable states, bounded by thresholds, can exist
for a given ecosystem (Folke 2006; Nelson et al. 2007)". When such a threshold or “tipping point”
is crossed, due to a change in external conditions or in the state of the system itself, the system
can switch, sometimes very abruptly, to a totally different stable state and it may be very difficult
or even impossible to go back to the initial state at a reasonable cost (van Nes et al. 2016; IPCC
2022). In this context, resilience is defined as the maximum amount of disturbance that a system
can support while maintaining its current state, structure and identity, i.e., without crossing the
threshold - the “point of no return” (Holling 1996; Walker et al. 2004; Folke 2006; Scheffer et al.
2015). This more probabilistic view of resilience, emerging from ecology science, is generally called
ecological resilience. It embraces variability, heterogeneity, non-linearity, thresholds and abrupt
changes, uncertainty and surprise (Holling 1986; Folke 2006). Here, resilience is not always a good
thing when it creates “social-ecological traps” helping to maintain the system in an undesirable
state. This is why resilience is not only about resistance, stability, persistence and recovery, but also
about adaptation, reorganization, innovation and transformation - even if these terms may seem
mutually contradictory in our common understanding (Carpenter et al. 2001; Walker et al. 2004;
Nelson et al. 2007; Folke et al. 2010; Cinner and Barnes 2019; Falk et al. 2019).

1.3 Evolutionary resilience:
d continuum of resilience responses

Both engineering and ecological resilience assume the existence of single or multiple stable
equilibriums. But, in most of the cases, there might not exist any stable equilibrium at all in complex
social-ecological systems. It is most likely that these systems are continuously changing, driven
by external forces and/or internal processes, and they might spend most if not all the time in a
transient state, far from any equilibrium (Holling 1973; Scheffer 2009; Davoudi 2012; Bahadur
et al. 2013). Once disturbed, a system hardly ever bounces back to the exact same state. This
introduces chaos, complexity, uncertainty, unpredictability and surprise into the equation. Here,
resilience is not defined as a return to normality, but rather as the capacity of complex social-
ecological systems to change, adapt and, if necessary, transform in ways that continue to support
human well-being under changing conditions, particularly in the face of unexpected change. This
definition of resilience has been termed social-ecological (Quinlan et al. 2015; Folke et al. 2016) or
evolutionary resilience (Davoudi 2012; Li et al. 2020).

1. This social diversity encompasses diversity in gender, age and race; in levels of income and power; in education,
culture and knowledge systems; in perspectives, views, norms and values; as well as the diverse functions they perform
in the system (functional social diversity).



Four main resilient responses or strategies emerge from the literature: persistence, recovery,
adaptation and transformation (Walker et al. 2004; Nelson et al. 2007; Folke et al. 2010; Béné
and Doyen 2018; Cinner and Barnes 2019). These resilience responses may operate at different
scales, from individual (or single component) resistance to population (or sub-system) recovery and
ecological community (or whole system) reorganization (Falk et al. 2019). They address increasing
levels of change and usually come with increasing related social, economic and environmental costs
(Béné and Doyen 2018). Following Bruneau et al. (2003), it could thus be said that a resilient system
demonstrates the right balance between “strength” or “robustness” (i.e., persistence and recovery)
and “flexibility” (i.e., adaptability and transformability), two notions that, at first sight, may seem
antinomic.

The concept of resilience presented in Section 1 has sometimes been considered a “slippery concept”,
firstly because of the different meanings it has assumed in recent decades, and secondly because
it is unclear how to translate this theoretical concept (whatever definition is used) into practical
strategies and actions on-the-ground, in a specific context (Davoudi 2012; Morecroft et al. 2012;
Fisichelli et al. 2016; Béné and Doyen 2018). Many studies, aiming to further operationalize this
concept, have therefore tried to identify and describe the main qualities expected to support and
enhance resilience in a given social-ecological system.

Based on a rapid literature review, we suggest that resilience of social-ecological systems can
be characterized by eight key attributes: diversity, redundancy, connectivity, integrity, flexibility,
participation, polycentric and multi-layered governance, and accountability. Each of these are
described in the following sections.

Multiple equilibria, instability and movement between states in a system are factors that maintain
heterogeneity and diversity — this may provide resilience in the face of unexpected disturbances
(Holling 1996). This “insurance hypothesis” predicts that net productivity and resilience are positively
correlated with biodiversity and species richness (Yachi and Loreau 1999; Carpenter et al. 2001;
Elmqvist et al. 2003; Cumming et al. 2013; Timpane-Padgham et al. 2017). However, a higher
number of species in an ecosystem does not automatically lead to higher ecosystem performance
and resilience. Indeed, the role of biological diversity in ecosystem functioning and resilience is
mediated through functional diversity - the diversity of functional groups in a given ecosystem,
which impacts ecosystem performance, as well as response diversity - the variability of species’
responses to a given change within the same functional group, which influences ecosystem resilience
(Holling 1996; Elmqvist et al. 2003; Folke 2006; Walker et al. 2006). In social systems, the concept
of social diversity is used to characterize the different stakeholder groups involved in the system?.
Economic diversity is also important for resilience. Economies dominated by a single sector, or
by communities depending on a narrow range of resources, will likely be highly vulnerable to a
disturbance affecting their dominant sources of livelihoods and income (Norris et al. 2008; Cutter
et al. 2010; Bahadur et al. 2013; Quinlan et al. 2015; IPCC 2022).

Functional redundancy - the capacity of some elements in a system to compensate fully or partially
for others - is an insurance that essential system functions can persist even if some “redundant”
components are lost or fail (Rosenfeld 2002; Biggs et al. 2012; Bahadur et al. 2013; Pillar et al. 2013;

2. This social diversity encompasses diversity in gender, age and race; in levels of income and power; in education, cul-
ture and knowledge systems; in perspectives, views, norms and values; as well as the diverse functions they perform in

the system (functional social diversity).



Aquilué et al. 2020). However, diversity and redundancy may come with costs for the system'’s
efficiency. Consequently, tracking and removing redundant components, i.e., components that are
deemed to be either useless or uncritical, is @ widely used way to reduce costs while increasing
productivity and efficiency, be it in agroecosystems, industrial processes or governance structures.
Therefore, a tension always exists in complex social-ecological systems between efficiency on the
one hand, and diversity and redundancy on the otherhand. If levels of redundancy and diversity are
too low this risks producing brittle systems that are perhaps highly efficient in a given environment,
able to resist to predictable variability and changes in the short term, but with low resilience to
unpredictable changes in the long-term. As such, the role of redundancy in resilience depends
on the level and predictability of the disturbances experienced by the system. By contrast, levels
of redundancy and diversity that are too high may lead to inefficiency and system stagnation,
undermining ecosystem productivity and resilience in the long term (Holling 1986, 1996; Walker et
al. 2006; Biggs et al. 2012).

Complex social-ecological systems can be represented as networks where the different components
(e.q., habitats, species or actors) are the nodes, and the relationships between them (e.q., predator-
prey, competition for resources, pollination, market transactions, partnerships) are the links.
Connectivity enhances resilience in ecological systems because it facilitates exchange of information,
energy, materials, nutrients, species or genes between nodes, and, more generally, facilitates recovery
after a local disturbance. In social systems, continuous connections and interactions contribute
to create the trust needed for partnerships and collective action. However, high connectivity can
also accelerate the spread of disturbances, such as pests, diseases, invasive species, wildfires or
financial crises, across the network nodes, and support homogenization of ecological habitats or
adoption of synchronized, yet unsustainable behaviours across actors. This is why network theory
suggests that a system is resilient if it strikes the right balance between connectivity, centrality and
modularity, i.e., between central coordination and exchange of information on the one hand, and
capacity for local innovation or divergent evolution on the other hand (Janssen et al. 2006; Biggs et
al. 2012; Timpane-Padgham et al. 2017; Isaac et al. 2018; Aquilué et al. 2020; Li et al. 2020).

Ecological integrity denotes the level of wilderness, pristineness or intactness of an ecosystem. In
other words, it assesses how close an ecosystem is to being a “natural” ecosystem, free from any
human influence, in terms of species composition and diversity, ecological processes, structure and
function. The more an ecosystem is degraded, the lower its ecological integrity. In integral or intact
ecosystems, a set of biological, physical and chemical conditions, processes and interactions - if
kept within their naturally acceptable variation range® - enable a balanced, diverse and adaptive
community of organisms to persist in the long-term. Ecological integrity is therefore expected to
enhance ecosystem resilience, while ecosystem degradation is expected to exacerbate vulnerability
(Parrish et al. 2003; Manuel-Navarrete et al. 2004; Theobald 2013; Wurtzebach and Schultz 2016).
This notion of ecological integrity, used to describe natural or intact landscapes, may appear less
relevant to describe agricultural or forested landscapes that have been shaped over millennia
by continuous human-nature interactions and that now cover most of the Earth’s land surface.
There is no social-ecological equivalent for the concept of ecological integrity. As such, we suggest
broadening the notion to call a social-ecological system “integral” or “intact” if it is sustainably
productive, resource-use efficient, well-adapted to its environment and, building upon ecosystem

3Parrish et al. (2003) distinguish between “natural” and “acceptable” variation ranges, because what is “natural” might
be difficult to define. Where current ecosystems have been so profoundly altered by human activities over long periods
of time that they have no historical “pristine” counterpart, the historical variation range can serve as a usefulreference.
However, under rapidly changing climatic conditions, or in irrevocably degraded ecosystems, even thehistorical variation
range may become irrelevant as a benchmark (Wurtzebach and Schultz 2016; Falk et al. 2019).



services, processes and functions, able to make the most of its environment in the long-term. This
definition could apply both to some Indigenous and traditional production systems, as well as to
more innovative nature-based solutions.

Flexibility reflects not only the diversity of available options but also the capacity and willingness
of actors in the system to engage in alternative or innovative strategies (Cinner and Barnes 2019).
Flexibility is @ central condition for both adaptability - i.e., the capacity of actors in a system to
deal with uncertainty and change and manage resilience —, and transformability - i.e., the capacity
to create a fundamentally new system when the current one becomes untenable (Walker et al.
2004; Bahadur et al. 2013). Self-organization and learning capacity are two qualities that contribute
directly to enhance flexibility, adaptability and transformability in social-ecological systems. Self-
organization explains how complex structures and patterns can emerge from apparent disorder
in complex adaptive systems (Carpenter et al. 2001; Folke 2006; Biggs et al. 2012; Scheffer et al.
2015), building upon diversity, interactions and autonomous processes (Levin 1998), even without
system-level intentionality or centralized control (Walker et al. 2006). “Learning-by-doing” through
experimentation and learning from each other, in an iterative process filling the gap between
knowledge and action, are key pillars of adaptive management (or co-management) strategies
(Carpenter et al. 2001; Stringer et al. 2006; Walker et al. 2006; Cumming et al. 2013; Bahadur et
al. 2013). The tension that exists between efficiency and flexibility reflects the opposition between
two visions of resilience. On one side there are classical management methods corresponding to
the mechanistic vision of engineering resilience - these promote optimality, efficiency, stability,
risk management, and expert command and control. On the other side, adaptive management
methods corresponding to the ecological or social-ecological visions of resilience, consider nonlinear
and chaotic dynamics, uncertainty and surprise, and promote diversity, redundancy, flexibility,
participation and adaptive learning (Holling 1973, 1986, 1996; Nelson et al. 2007; Leach 2008).

Inclusive participation brings to the table different experiences, perspectives, interests, values
and beliefs. Deliberation and continuous interactions between the diverse stakeholders involved
progressively build mutual trust and shared understanding, reduce the risk of conflict and enhance
the legitimacy of decisions made. Participation also fosters social and collaborative learning as well
as integration of different forms of scale-specific knowledge (e.qg., Indigenous, traditional and local
knowledge). As such, broad participation helps progress towards a consensual vision and strategy and
mobilize resources and people, thus facilitating self-organization, cooperation and collective action.
Large and meaningful participation, within strong institutional settings, is critical for monitoring and
experimentation, which are central steps in adaptive management or co-management processes,
and for ensuring that the learning and decision-making processes are not captured by the most
powerful actors (Lebel et al. 2006; Stringer et al. 2006; Walker et al. 2006, Nelson et al. 2007; Biggs
et al. 2012; Bahadur et al. 2013; Cumming et al. 2013; IPCC 2022).

The concept of panarchy refers to cross-scale interactions in complex social-ecological systems.
These interactions are viewed as a series of nested adaptive cycles operating and interacting at
different spatial or temporal scales (Gunderson and Holling 2002; Walker et al. 2004; Folke 2006;
Davoudi 2012; Allen et al. 2014). Scientists advocate for the establishment or strengthening of
polycentric and multi-layered governance mechanisms so as to properly address these cross-scale
interactions. When compared to more monolithic arrangements, such governance mechanisms
foster social learning and experimentation; enable a better match between knowledge and action
through iterative processes; and allow more flexible, adaptive and innovative responses to change



at the appropriate scale. Polycentric and multi-layered governance structures require and enable
strengthened participation and continuous interactions among actors operating at different scales;
appropriate representation to reduce transaction costs and give voice to the most vulnerable
groups; strong leadership; as well as efficient coordination, within and across scales, sectors and
actors, supported by key “mediating” players, acceptable to all parties (Berkes et al. 2003; Lebel et
al. 2006; Stringer et al. 2006; Walker et al. 2006; Nelson et al. 2007; Folke et al. 2007; Biggs et al.
2012; Cumming et al. 2013; Bahadur et al. 2013; Cinner and Barnes 2019; IPCC 2022).

Broadened participation and strong polycentric and multi-layered governance mechanisms cannot
effectively strengthen resilience without accountability. Accountability means that authorities are
responsible for their acts in front of both the other stakeholders involved or affected, and the general
public. This implies full transparency in the provision and exchange of information and explanation
of decisions made; independent monitoring and evaluation; independent mechanisms of control
and sanction; separation of powers; free media and freedom of expression. Accountability must
occur both in vertical and in more horizontal relationships, as a protection against elite capture of
agenda and resources. Effective accountability supports equity, social justice and a fair repartition
of risks and benefits. It contributes to empowering the most vulnerable segments of society and
protecting their rights and interests, thus preventing conflicts and reducing the vulnerability of the
whole social-ecological system (Lebel et al. 2006; Biggs et al. 2012).

3. Conclusion

At its core, resilience entails the ability of systems to maintain essential structure and functions
while under various stressors. Resilience is not just about bouncing back from disruptions but also
about thriving under changing conditions and embracing transformation when necessary. Resilience
thinking offers a robust framework for social-ecological system managers to navigate complexity,
non-linear dynamics, uncertainties and challenges. This involves understanding resilience through
multiple perspectives, including engineering, ecological and evolutionary resilience, and embracing
3 range of resilience responses, from persistence and recovery to adaptation and transformation,
operating across different spatial and temporal scales within the system.

Social-ecological systems face manifold challenges such as water scarcity, degradation and
biodiversity loss, and climate change impacts. Embracing resilience principles is crucial for their
sustainable management. The role of ecosystem managers (including protection agencies, forestry
and agriculture departments, private companies, civil society organizations, local communities,
research institutions and practitioners on the ground) is pivotal in safequarding the resilience of
these systems for future generations. By prioritizing key resilience attributes - diversity, redundancy,
connectivity, integrity, flexibility, participation, polycentric and multi-layered governance and
accountability - managers can effectively navigate uncertainties and disturbances while promoting
ecosystem health and human well-being in the long term. By working collaboratively across sectors
and scales, and engaging diverse stakeholders in decision-making processes, managers can build
adaptive capacity and foster resilience in the face of complex and often unpredictable challenges.
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